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.Is  Annex  contains  the.  following  supplementary  eec 
ged  wi.lch  have  been  deleted  from  Volume  II  of  the 
kini  Scientific  Resurvey  Report,  jtnjea  nnn 
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Radioohemloal  analyses  were  made  in  the  Radiochem- 
lstry  Laboratories  in  CHILTON  (APA-38)  as  described  In 
Section  2.006  of  Volume  I.  The  general  purpose  of  these  analy¬ 
ses  was  to  investigate  the  presence  and  disposition  of 
plutonium  and  fission  produots  in  a  wide  variety  of  samples  ^ 
taken  from  the  Bikini  area.  More  specifically,  the  anal^llflj 
ses  contributed  to  knowledge  oonoerning  the  vertical  §|ajf| 

and  horizontal  distribution  of  radioaotivity  in  soils,  Hi 
sediments  and  rooks  of  the  target  area,  and  in  addition,  Hl§! 
the  distribution  of  such  radioactivity  in  various  miner-  ^gH 
ala,  sands,  skeletons,  waste  produots,  and  living  organic  Hfijj 
forms.  MB 


The  Radiochemistry  Group  was  composed  of  two  sub- 
groups,  as  follows:  s| 

A.  Plutonium  Chemists:  Dr.  JACK  SCHUBERT,  Mr.  D.P.  B 

AMES,  and  Mr.  M.T.  WALLING.  \Mjj 

B.  Fission  Products  Chemists:  Dr.  R.R.  WILLIAMS,  VK 
Dr.  D.  M.  BLACK,  Mr.  R.R.  EDWARDS,  Mr.  L.E.  GLEN-JBg 
DENIN,  and  Dr.  W.H.  HAMILL. 

These  two  groups  employed  methods  developed  on  the 
Plutonium  Project  to  determine  which  elements  were  re-  ®1 
sponsible  for  the  radioactivity  observed  in  the  various  saitt 
pies.  The  low  activities  in  large  amounts  of  relatively 
inactive  material  required  careful  separations,  using  Ijj 

standard  analytical  gear  to  break  down  samples  into  their  ifl 
component  elements  and/or  compounds.  It  was  then  possible  N 
to  make  gamma,  beta,  and  alpha  counts  of  known-magnitude  H 
samples  in  the  Counter-Room.  81 

Samples  analyzed  by  the  Radiochemistry  Group  were 
brought  in  from  various  localities  in  the  Bikini  area, 
and  from  target  ships  at  Kwajalein.  They  included  sub- 
stanoes  being  studied  by  the  Radiobiologists,  the  Ex¬ 
perimental  Biologists,  and  the  Geologists.  A  good  deal 
of  the  work,  for  example,  was  concerned  with  analysis 
of  core  samples  obtained  by  the  submarine  Geology  Group 
from  the  bottom  of  Bikini  Lagoon.  In  a  sense,  the  Radio¬ 
chemical  analyses  represented  a  servioe  required  by  the 
members  of  several  scientific  Groups.  Results  reported 
in  the  following  pages  are  divided  into  a  section  on  fission 
products  and  a  section  on  plutonium. 
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FISSION  RROIUCTS 


For  the  purpose  of  correlating  the  results  of  the 
fission-product  survey,  the  relative  activities  am:  tr.e 
radiation  energies  of  the  significant  fission  procuets  to 
be  expected  at  one  year  after  the  bomb  explosion  were 
calculated.  The  results  of  this  calculation  are  ^re¬ 
sented  in  Table  VEL  Relative  activities  are  giver,  as 
percentages  of  the  total  activity.  Fission  products  con¬ 
tributing  leas  than  0.5<\  of  the  total  activity  are  not 
included. 

A.  Tests  made  on  core  samples 

1.  Instrumentation  anc  counting 

The  fission  produces  were  determined  by  beta 
counting  with  a  Victoreen  Geiger  counter  (alcohol- 
argon  filled)  and  Tracerlab  autoscaler  circuit.  All 
samples  were  counted  on  the  top  shelf  of  an  aluminum 
sample  holder  housed  in  a  shield  built  of  lead  bricks. 
The  background  of  the  counter  ..as  consistently  24  c/m. 
The  geometry  of  the  top  shelf  was  determined  accu¬ 
rately  by  counting  weighed  samples  of  U3OR  mounted 
in  the  same  manner  as  the  samples  which  were  to  be 
determined.  Uncertainties  due  to  back-scattering  and 
self-scattering  were  largely  eliminated  by  the  geometry 
determination,  since  the  U;()g  standards  weighed 
approximately  the  same  as  the  samples  wi.icn  were  being 
measured.  The  absolute  disintegration  rate  of  UXj 
was  taken  as  620  d/m/mg  of  l^Og.  The  geometry  of 
the  top  shelf  for  samples  mounteu  on  watch  glasses 
was  24%,  and  for  samples  mounted  directly  on  the 
mounting  card  the  geometry  was  l^fc.  In  some  cases 
samples  were  deposited  on  platinum  disks  in  wnich  case 
the  geometry  was  22 ji-. 

2.  Analytical  procedures 

Radiation  analysis,  hince  the  fission  product 
picture  at  one  year  is  relatively  uncomplicated,  it 
is  possible  to  determine  the  major  activities  by 
analyzing  the  beta  and  gamma  radiations  from  a  gross 
sample  of  mud  from  the  lagoon  bottom.  In  fact,  it 
developed  that  this  was  the  most  fei.sille  method  be¬ 
cause  of  difficulties  encountered  in  radiochemical 
analyses  which  are  discussed  later  in  the  report. 
Absorption  curves  of  the  beta  radiations  from  a  sample 
of  the  mud  showed  that  the  chief  component  was  the 
3  Mev  beta  of  Frl44  (daughter  of  275d  CeH4).  The 
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Radioisotope 

Percentage  of  Total  radiation  energy 

Activity 

Beta 

(Mev ) 

Gejnraa 

53d  Sr89 

1.20 

1.5 

None 

25y  Sr90 

1.07 

0.6 

None 

65h  Y90 

1.07b 

2.2 

None 

57d  Y91 

2.50 

1.6 

None 

65d  Zr9^ 

7.38 

0.4 

0.8 

35d  Cb95 

7.38b 

0.15 

0.8 

42d  Ru103 

1.36 

0.2 

0.56 

l.Oy  Ru3-0^ 

_ c 

_ c 

None 

30s  Rh10t> 

33. 8b 

3.9 

0.3,0.8a 

33y  Cs 137 

1.90 

0.5, 0.8 

0.75 

275d  Ce1^ 

20.6 

0.35 

None 

17.5m  Pr1^ 

20. 6b 

3.1 

0.2,1.25' 

3.7y  61^7 

6.04 

0.2 

None 

2y  ^55 

0.81 

0.2 

0.084 

Table  VH.  Relative 
Day  plus 

fission-product 
one  year. 

activities  at 

Baker 

aLow  intensity 

^Supported  by  the  longer-lived  parent 

cThe  beta  rays  of  Ru106  are  so  soft  that  they  are 
practically  undetectable  and  are  not  included  in 
the  calculations 
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only  other  hard  beta  present  in  the  fission  products 
at  one  year  is  the  3.9  Kev  beta  of  Rh^0©  (daughter 
of  l.Oy  RulOfc).  By  oountlng  through  90  mg/cm*  of 
Al,  90%  of  the  beta  radiations  of  Prl44  and  Ru10^  are 
counted  (as  shown  by  absorption  curves  of  chemically 
separated  CeHA  and  Ru^Ob  samples),  whereas  no  appre¬ 
ciable  amount  of  the  radiations  from  the  other 
fission  products  are  counted.  The  activity  due  to 
Rhl06  was  readily  obtained  by  chemical  separation  of 
the  parent  Rulob  and  subtracted  from  the  total  hard 
beta  to  obtain  the  activity  of  the  Pr^l*.  In  this 
manner  the  detailed  distribution  of  Ce-t  Pr  and  Ru  + 

Rh  in  Core  No.  4  (target  center)  was  obtained.  Assum¬ 
ing  that  the  distribution  of  Zr*5  and  Cb95,  and  the 
other  rare  earths  (61^*7  and  Eul55)  was  the  same  as 
for  Ce,  the  theoretical  distribution  of  these  activi¬ 
ties  was  then  calculated  relative  to  Ce  from  the 
data  of  Table  vil.  The  value  for  Zr-rCb  thus  obtained 
was  experimentally  verified  by  gamma  counting  on 
some  large  samples  (^ 0.5  g)  of  the  mud.  When  the 
observed  gamma  activity,  which  at  one  year  is  practical¬ 
ly  entirely  due  to  Zr-tCb  (Csl37  is  a  significant  gam¬ 
ma  emitter  at  one  year,  but  this  isotope  is  not  pre¬ 
sent  in  the  mud),  was  corrected  for  a  counting 
efficiency  of  0.8%,  good  agreement  with  the  theoretical 
value  was  obtained.  The  distribution  of  element  61 
and  Eu  are  expected  to  be  identical  with  Ce  because 
of  the  chemical  similarity  of  the  rare  earths.  The 
results  of  the  complete  analysis  of  the  fission 
product  distribution  of  Core  No.  4  by  the  above  method 
is  presented  below  under  No.  3. 

Radiochemical  analysis.  Analyses  for  radioactive 
elements  conformed  as  closely  as  possible  to  the  pro¬ 
cedures  described  in  Clinton  Laboratories  Report 
CN-2815.  Modifications  were  chiefly  concerned  with 
separation  of  the  fission  products  from  the  mass  of 
lnaotive  materials  present  in  the  samples;  secondarily, 
some  special  treatments  of  samples  were  performed  in 
attempts  to  equilibrate  the  fission-product  atoms 
with  the  inactive  Isotopic  carriers  for  reasons  dis¬ 
cussed  subsequently. 

Core  samples  were  dried  at  110°  C.  before  analysis, 
and  generally  ignited  at  900°  to  1,0000  c  for  two 
hours,  and  dissolved  in  HNO^  for  analysis.  Subsequent 
experiments  indicated  the  ignition  may  not  be  necessary 
for  good  results,  but  ignited  samples  give  clearer 
solutions  than  do  those  not  ignited. 


(a)  Strontium.  Strontium  was  separated  from  the 
HNO3  solutions  of  oore  samples,  along  with  some 
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calcium,  by  precipitation  of  the  nitrate  *ith 
fuming  HNOi.  Separation  from  Ca  was  then  effected 
by  repeated  extractions  with  95%  etnyl  alcohol, 
which  selectively  dissolves  the  calcium  nitrate. 
Final  samples  were  prepare*-  by  precipitation 
of  strontium  oxalate  from  solutions  of  the  nitrate. 
Conditions  for  the  nitrate  and  oxalate  precipi¬ 
tations  are  given  in  Clinton  Laboratories  Report 
CN-2815. - - 

(b)  Cesium.  Cesium  was  separated  from  HC1 
solutions  of  the  core  samples  by  the  procedure 
described  in  Clinton  Laboratories  Report  CN-2615 . 

(c)  Ruthenium.  Solid  core  samples  (ignited  or 
unignited),  or  HNO^  solutions  of  the  samples,  were 
placed  in  a  distillation  flask,  and  the  separa¬ 
tion  of  Ru  was  done  as  described  in  Clinton  Labora¬ 
tories  Report  CN-2615. 

(d)  Zirconium.  Zirconium  carrier  was  added  to 
the  hNOt  solutions  of  core  samples,  and  zirconium 
hydroxide  preolpitated  by  excess  ammonium  hy¬ 
droxide.  The  hydroxide  was  reprecipitated  twloe 
(after  dissolving  in  nitric  acid)  in  order  to 
effect  a  complete  removal  from  Ca,  which  inter¬ 
feres  in  the  next  step  of  the  procedure  (Lanthanum 
fluoride  precipitation).  Then  the  procedure 

was  carried  out  as  described  in  Clinton  Labora¬ 
tories  Report  CN-2815 .  substituting  for  the 
cupferron  precipitation  a  zirconium  iodate  pre¬ 
cipitation  from  8  M  HNO3;  digestion  of  the 
precipitate  for  30  min  fit  100°  C  results  in  a 
crystalline  form  which  was  filtered  and  dried  by 
washing  with  alcohol  and  ether,  weighed,  and  moun¬ 
ted  for  counting.  (Standardization  of  the  Zr 
oarrier  solution  was  performed  by.  the  same 
technique. ) 

(•1  Cerium  and  trl valent  rare  earths.  Cerium 
and  Lanthanum  carriers  were  added  to  HNO3  solutions 
of  the  core  samples,  and  preolpitated  as  nydrosldes 
by  addition  of  excess  ammonium  hydroxide.  The 
hydroxides  were  dissolved  in  HNO3,  and  the  resul¬ 
ting  solution  analyzed  as  desorloed  in  Clinton 
Laboratories  Report  CN-2815. 

3.  Results 


Gross  activity  in  core  samples.  A  large  number 
of  samples  of  the  oores  taken  from  the  bottom 
Bikini  Lagoon  were  counted  in  order  to  determine  the 
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horizontal  and  verticel  distribution  of  radioactivity, 
as  well  as  the  total  amount  of  fission-product  activ¬ 
ity  in  the  bottom  deposits.  For  gross  activity  deter¬ 
minations,  a  sttll  amount  of  the  core  sample  (averaging 
30  mg)  was  deposited  on  a  weighed  watch  glass  (one- 
inch  diameter),  dried  in  the  oven  at  110°  C,  and  re- 
weighed  to  determine  the  dry  weight  of  the  sample. 

The  watch  glass  containing  the  dried  sample  was  then 
mounted  on  a  card  by  covering  with  thin  cellophane 
(3  mg/ cm2)  and  fastening  with  scotch  tape.  Counting 
was  done  with  the  sample  on  the  top  shelf  at  24# 
geometry.  The  total  absorption  in  the  samples  which 
includes  self-absorption  in  the  mounted  material  plus 
external  absorption  in  the  cellophane  cover,  air,  and 
counter  window,  averaged  15  mg/ cm2. 

The  results  of  the  gross  activity  determinations 
are  presented  in  Table  VUL  In  order  to  obtain  the 
absolute  activity  in  disintegrations/minute/gram,  it 
is  necessary  to  multiply  the  observed  activity  in  count 
per  minute  by  a  factor  of  ten  (obtained  from  the  de¬ 
tailed  analysis  of  core  No.  4  discussed  in  the  next 
paragraph)  which  corrects  for  geometry  and  the  ab¬ 
sorption  of  the  beta  radiations.  The  absolute  activ¬ 
ity  is  then  divided  by  the  value  for  one  curie,  2.2 
x  1012  d/m/g,  to  obtain  curies/gram.  Physical  descrip¬ 
tion  of  the  core  samples  was  supplied  by  Dr.  R.D. 
RUSSELL. 

Analysis  of  core  samples.  In  order  to  obtain  a 
complete  picture  o t  the  distribution  of  the  individual 
fission  products,  as  well  as  the  total  activity  in 
and  on  the  lagoon  bottom,  a  detailed  analysis  of  Core 
No.  4  was  carried  out.  The  results  of  the  radiation 
analysis  of  the  core  sample  (described  in  A2  above) 
are  plotted  in  figure  39.  The  curve  for  Zr4  Cb  is 
calculated  relative  to  Ce  from  the  theoretical  ratio 
of  Zr  to  Ce  given  in  Table  V33.  The  curve  for  element 
6l4-Eu  is  calculated  relative  to  Ce  from  the  data 
in  Table  vn»  Th®  curve  for  the  total  activity  is 
simply  the  sum  of  the  constituent  activities. 

Radiochemical  analyses  were  carried  out  on  various 
samples  of  Core  No.  4,  both  for  the  purpose  of  check¬ 
ing  the  results  shown  in  figure  39,  and  to  determine 
the  presence  or  absence  of  other  fission  products 
for  which  the  radiation  analysis  method  is  not  suit¬ 
able. 


Cesium  and  Sr  analyses  were  carried  out  on  several- 
gram  portions  of  the  mud,  and  no  detectable  activity 
above  the  background  of  the  counter  was  obtained  in 
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any  case.  .he  abaei.oe  of  *.’.est  activities  in  tne 
bottom  deposits  is  to  be  expected,  since  Ce  and  nr 
are  soluble  in  sea  water.  The  large  concentration 
of  Na  and  the  appreciable  concentration  of  Sr  (13 
mg/liter)  in  sea  water  would  also  tend  to  produce 
such  a  result. 


The  radiochemical  analyses  for  Ru  (see  fig.  39  J 
revealed  two  rather  interesting  facts:  (a)  the  dis¬ 
tribution  of  Ru  in  the  mud  layer  of  the  core  (first 
five  feet)  is  quite  different  from  that  of  the  other 
elements,  being  more  dependent  on  the  depth  in  the 
core;  (b)  the  total  Ru  activity  in  the  mud  is  lower 
than  expected  (relative  to  Ce )  by  a  factor  of  about 
ten.  The  low  Ru  value  undoubtedly  is  due  to  the  fact 
that  fission-produced  Ru  is  mainly  in  the  iorm  of  a 
soluble  anion  and  thus  escapes  in  the  sea  water  as 
in  the  case  of  Cs  ana  Sr.  The  reason  for  the  anarno- 
lous  distribution  of  Ru  in  the  core  is  not  entirely 
clear,  but  this  may  be  due  to  a  difference  in  the 
mechanism  of  adsorption.  The  rare  earths,  Zr  and  Cb, 
are  known  to  form  colloids  at  trace  concentrations, 
which  adsorb  fairly  independently  of  particle  size 
(as  is  borne  out  by  the  small  slope  of  the  curves  in 
fig.  39),  whereas  Ru  may  be  adsorbed  by  ionic  ex¬ 
change,  in  which  case  particle  size  is  important  as 
shown  by  the  concentration  of  Ru  in  the  top  layer  of 
the  mud. 


Radiochemical  analysis  for  the  trivalent  rare 
earths  (61,  Eu,  and  Y)  showed  that  at  least  75% 
of  the  expected  Y^l  activity  was  missing  from  the 
mud  on  the  basis  of  the  611h74-ku155  activities  t>i 


mud  on  the  basis  of  the  6llh7+Eul55  activities  present 
This  was  determined  by  analysis  of  aluminum-absorption 
curves  into  the  soft  beta  radiation  of  61+  Eu  and  the 
hard  beta  of  Y^l.  The  low  Y^l  content  of  the  mud  very 
probably  is  due  to  the  fact  that  this  isotope  has  a 
9.7  hr  Sr  parent  which  is  soluble  in  sea  water  and 
whose  half-life  is  long  enough  so  that  the  mud 
stirred  up  by  the  bomb  settled  to  the  bottom  before 
an  appreciable  amount  of  the  Sr  parent  decayed.  A 
settling  time  of  a  few  hours  is  indicated  by  the  y91 
value,  and  this  is  consistent  with  photographic  date 
obtained. 


Perhaps  the  most  interesting  and  certainly  the 
most  perplexing  aspect  of  tbs  radiochemical  analyses 
was  the  failure  of  the  analyses  for  Zr,  Cb,  and  the 
rare  earths  to  recover  the  total  activity  of  these 
elements  known  by  beta  and  gamma  counting  rates  and 
absorption  curves  of  gross  aud  samples  to  be  in  the 
mud.  The  chemloal  analyses  consistently  recovered 
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only  about  30$  to  1*0%  of  the  Zr,  Ce,  and  trivalmt 
rare  earth  activities  present  in  samples  of  Core 
No.  U .  ^ince  the  results  of  the  chemical  analyses 
were  lower  than  expected,  special  attempts  were 
made  to  bring  the  radioactive  atoms  into  the  same 
chemical  state  as  the  carriers.  For  this  purpose, 
a  portion  of  sample  1,22*>  (Core  No.  U)  was  washed 
with  water,  dried  at  110°  C,  pulverized,  and  mixed 
thoroughly.  Samples  of  this  material  were  then 
subjected  to  various  severe  chemical  treatments  In 
the  presence  of  Ce  and  Zr  capriere,  and  the  resulting 
material  analyzed  for  Ce  and/or  Zr..  The  results  of 
these  experiments  are  shown  in  Table  IX.  A  material 
balance  experiment  on  the  Ce  analysis  indicated  that 
activity  losses  occurred  chiefly  in  the  supernatant 
liquid  from  the  fluoride  precipitation,  and  in  the 
Zr  iodate  precipitation. 

The  failure  to  recover  total  activity  by  ohenical 
analysis  in  spite  of  preliminary  treatments  of  the 
mud  including  ignition,  and  fuming  with  various  acids, 
oxidizing  agents,  ana  complexing  agents  has  not  been 
encountered  before  in  radiochemical  analyses  of 
fission  products,  and  it  is  possible  that  we  ara 
dealing  with  a  new  and  highly  refractory  physical  or 
chemical  form  of  the  fission  products  formed  perhaps 
by  the  terrific  heat  and  pressure  of  the  bomb  on 
the  bottom  material.  The  failure  to  achieve  inter¬ 
change  between  carrier  and  activity  in  perfectly 
clear  solutions  regardless  of  chemical  treatment  is 
a  matter  deserving  further  investigation. 

In  order  to  determine  whether  the  amount  of  Ce 
activity  recoverable  by  ohemical  analysis  was  constant 
throughout  the  lagoon  bottom,  Ce  analyses  were  per¬ 
formed  on  HNO3  solutions  of  three  additional  oore 
samples.  Determinations  of  Ru  also  were  performed 
on  the  same  samples,  so  that  the  percentage  of  the 
total  oerium  recovered  could  be  calculated.  Results 
of  the  analyses  are  given  in  Table  X  .  Tlie  values 
given  ae^Total  Ce"  refer  to  the  total  hard  beta 
activity,  minus  the  value  obtained  for  Ru. 


Examination  of  Table  x  will  show  that  the  degree 
of  recoverability  of  Ce  activity  is  greater  in  cores 
that  are  some  distance  from  the  target  center;  more 
striking,  however,  is  the  correlation  between  the  per¬ 
centage  recoverable  and  the  gross  specific  activity 
of  the  sample.  A  possible  explanation  of  these  re¬ 
sults  can  be  based  on  the  assumption  that  the  non- 
recoverable  atoms  were  those  whloh  were  blasted 
directly,  at  high  temperature,  Into  the  bottom  material, 
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Activity 

Core  Sample  Position  Relative  Depth  Below  Curies/  Description  of  Material 

Number  Number  to  Target  Center  Top  of  Core  c/min/gm  gm(x  10°) 


iH  cm  t*\  -4  'f'O  r-~ 

ts-t^  to  to  oo  oo  oo 

Vf\  IAlA>A‘A'A‘Air' 

a  e  ek  a  e  a  a  a  e  a  a  a  a  a 

H  H  H  rH  *H  *“H  rH  H  H  H  H  H  H  rl 


UNCL^* 


Sample 

Treatment 

%  Ce  Recovered 

%  Zr  Recovered 

1 

Metathesis  with 
1  M  H2SO^ 

37 

35 

2 

ft 

— 

40 

3 

HNO3,  H202 

28 

— 

4 

IINO3,  boiling 

37 

— 

5 

If 

37 

— 

6 

HT,  KBr03, 

HNO3 ,  fuming 

47 

30 

Table  ix«  Ce  and  Zr  analyses  on  sample  1,225 (Core 
No.  4  from  bottom  of  Bikini  Lagoon). 
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whereas  the  recoverable  fraction  represents  that 
which  was  adsorbed  by  the  mud  partloles  from  the 
sea  water  following  the  blast.  On  this  assumption, 
the  particles  whioh  are  most  finely  divided  should 
have  the  highest  specific  activity  (c/min/gm)  since 
the  smaller  particles  remained  suspended  for  a  longer 
period  of  time  and  presented  a  greeter  specific  sur¬ 
face  to  the  water,  and  thus  contain  more  of  the  re¬ 
coverable  (adsorbed)  aotivity.  Furthermore,  the  fact 
that  the  fine  particles  remained  suspended  for  a 
relatively  long  period  of  time  explains  the  high  spe¬ 
cific  activity  values  of  samples  at  greater  distanoaa 
from  target  center.  The  fact  that  the  non-recoverable 
Ce  activity  (in  o/mln/gm)  Also  is  somewhat  lower  in 
the  high  specific  activity  core  samples  seems  to 
indicate  that  this  form  of  the  fission  products  is 
concentrated  to  some  extent  in  the  finest  partloles. 

In  line  with  these  conclusions  are  three  ob¬ 
servations:  (a)  equilibration  of  a  portion  of  sample 

1,225  with  aquaeous  La  oarrier  removed  only  5%  of 
the  activity,  whereas  a  portion  of  sample  1,085  yiel¬ 
ded  25/C  of  its  activity  in  a  similar  experiment,  in¬ 
dicating  a  much  greater  contribution  of  surface  ad¬ 
sorbed  activity;  (b)  ruthenium  activity,  which  apparent¬ 
ly  is  adsorbed  by  the  mud  rather  than  being  irreversi¬ 
bly  fixed  in  the  mud  (see  fig.  39),  is  considerably 
higher  in  the  shallow  muds  at  some  distance  from  the 
target  center  tnan  in  the  target  center  mud;  for 
example,  the  Ru  activity  in  Core  No.  4  is  equal  to 
about  10%  of  the  Ce  activity,  whereas  in  the  shallow 
muds  Ku  runs  20%  to  40%  of  the  Ce;  (c)  the  activity 
in  the  shallow  muds  drops  off  quite  rapidly  with 
depth,  indicating  a  dependence  on  particle  size. 

4.  Discussion 

From  the  distribution  of  fission  products  in  Core 
No.  4  (fig.  39)  and  the  physical  description  of  the 
core  (Table  Vin) ,  it  is  seen  that  the  radioaotivity 
is  concentrated  in  the  upper  five  feet  of  the  oore, 
which  corresponds  exactly  to  the  thlokness  of  the  mud 
layer.  A  sharp  drop  in  aotivity  at  about  five  feet 
is  correlated  with  a  change  from  mud  to  coarser  mater¬ 
ial  .  Approximately  90%  of  the  total  core  activity 
is  contained  in  the  mud,  and  this  appears  to  be  the 
case  throughout  the  Bikini  Lagoon  bottom. 

c'rom  Dr.  R.D.  RUSSELL’S  data  on  mud  depths  obtained 
from  coring,  it  is  calculated  that  there  are  about 
half  a  million  tone  or  4.5  x  1011  gm  of  radioactive 
mud  on  the  lagoon  bottom,  corresponding  to  2.7  x  loll 
gm  dry  weight.  From  the  gross  aotivity  data  of 


Ohio 


Table  VUT,  it  is  calculated  that  tj.t  .  veruge  specific 
activity  of  the  entire  mud  ueposit  is  four  times  the 
specific  uctivity  at  the  tart.it  center,  which  is  taken 
as  2.2  x  10s  curies  per  gm.  Tne  total  fisdon- 
product  activity  in  Bikini  Lagoon  bottom  is  therefore 
2.U  x  10*  curies. 


B.  Other  fission  products  tests 


The  most  prominent  fission  products  present  around 
Pikini  Atoll  one  year  after  the  uncerwater  Hast  are 
shown  in  fable  II.  The  relative  percentages  of  the 
fission  products  in  the  mud  of  bikini  Lagoon  and  the 
half-thickness  values  are  approximate. 


The  r.adiobi  lop.  Croup  surveyed  the  distribution 
of  gross  fission-rroduct  activity  in  the  tissues  of  a 
lar*  t  variety  of  fish  caught  in  the  region  in  and  around 
Fikir.i  Lagoon.  Their  samples  were  mounted  on  steel 
plates  or  disks.  The  ashing  of  a  weighed  amount  of 
wet  tissue  was  aone  directly  on  the  plate.  A  number  of 
these  mounted  samples  was  loaned  to  the  Kaaioohemistry 
Group,  and  absorption  curves  were  constructed  to  charac¬ 
terize,  qualitatively,  the  fission  products  [reot.h 
in  a  given  tissue  ash. 

Study  of  the  absorption  curves  shown  in  figures  1*0 
and  1*1  lead  to  the  conclusion  that  the  soft  tissues  and 
bone  of  the  fish  have  retained  zirconium  ana  columbium 
in  preference  to  the  other  fission  products,  notably 
cerium.  The  concentration  factor  is  at  least  of  tne 
order  of  10  and  probably  more,  ho  change  in  relative 
concentrations  seems  to  have  taken  place  in  the  algae, 
feces,  or  in  the  sponge. 

It  may  be  seen  from  figures  1*0  and  1*1  that  a 
soft  component  of  about  8  mg  cm_t  half -thickness  is 
observed  in  the  liver,  kidney,  and  bone  of  the  fish 
tissues  studied.  This  naif  thickness  value  lies  betweer 
those  of  Zr  and  Cb.  Since  cerium  is  not  held  preferent¬ 
ially  it  is  not  expected  that  the  low  energy  rare  earth 
emitters  would  behave  differently,  inasmuch  as  they  are 
very  similar  chemically.  It  is  probable,  therefore, 
that  the  observed  half-thickness  value  of  8  mg  cm-2 
represents  a  mixture  of  Zr  and  Cb. 

The  amount  of  self-absorption  in  the  mounted 
biological  samples  is  not  known  precisely,  because  no 
weighings  of  the  ashed  residues  were  made.  The  self- 
absorrtion  values  in  general  ranged  from  about  25  mg 


Radioisotope 


Percentage  of  Total 
activity  in  Muo^ 


Ha lf-Thicknesg 
Value  (mg  cm-*- ) 


i  are  baseu  on  (Tosl  activities  measured 
mg  cm-*  total  absorber. 


Relative  percentages  and 
the  principal  fission  pro 
one  year. 


cm'2  in  the  case  of  the  bone  sample  (No.  936)  to  about 
10  mg  cm' 2  for  the  soft  tissue  samples.  About  U  mg 
cm'2  is  alloweu  for  the  absorption  equivalent  of  the 
air  and  counter  window. 


in  order  to  confirm  the  selective  retention  of 
soft  beta-emitting  substances,  the  absorption  curve  of 
a  thin  mud  sample  (No.  1,203)  was  run.  The  total  self¬ 
absorption  was  about  5  mg  cm-2.  The  half- thickness  value 
was  determined  in  detail  in  the  region  5  mg  cm'2  to 
35  mg  cm'2  (fig.  1*1),  and  was  found  to  be  35  mg  cm~2. 

This  result  eliminates  any  doubt  ti*at  the  observed  half¬ 
thickness  of  8  mg  cm"2  was  due  merely  to  a  difference 
in  self-absorption  between  the  mounted  biological  samples 
and  the  mud  and  fecal  samples. 

The  selective  retention  of  Zr  and  Cb  probably  is 
due  to  two  principal  facts  —  the  colloidal  nature  of 
Zr  and  Cb,  and  their  property  of  forming  extremely 
insoluble  phosphates.  The  colloidal  nature  of  Zr  and 
Cb  would  cause  them  to  be  retained  by  soft  tissues  through 
physical  adsorption,  and  by  the  liver  through  that 
organ's  known  capacity  to  store  colloidal  matter  of  all 
kinds.  The  fractions  of  Zr  and  cb  which  get  into  bofia 
would  remain,  mainly  because  of  the  formation  of  insol¬ 
uble  phosphates. 


iVhy  cerium  and  the  rare  earths  are  not  held  in 
relatively  larger  amounts  may  be  due  to  a  greater  degree 
of  solubilization  of  these  elements  by  the  constituents 
of  the  bodily  fluids  of  the  fish.  As  a  result,  the 
excretion  of  cerium  and  the  rare  earths  would  be  facili¬ 
tated  . 


2.  Edible  products  from  Bikini  Island 


samples  of  green  pandanus  fruit,  edible  tubers 
green  coconut  "milk”,  and  gretu  coconut  meat  were 
ashed  and  gross  counts  were  taken  at  approximately 
10>  geometry,  with  the  following  results: 


Cample 


hi  gm  pandanus 
36  gm  tubers  (Tacca: 

Taro  root) 
50  gm  coconut  Juice 
30  gm  coconut  meat 


sea  urchins 


Sample  497,  Liver,  Syganid 


Kidney,  Dogtooth. 

runa 

^ivur,  Bluck 

Surgeon  Fish 


Sample  936,  Bone,  Flathead 


absorber 
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WHITAKLR.  These  animals  were  separated  Into  two  por¬ 
tions:  the  viscera,  and  the  tests  (outer,  calcareous 

"sne  lls"  ) .  The  foregoing  materials  were  ashed,  dissol¬ 
ved,  and  20  mg  precipitated  as  ferric  hydroxide.  This 
precipitate,  at  20>  geometry,  counted  as  follows: 


Sample 

5  gm  viscera 
8  gm  test 


c/min/gm 


The  whole  viscera  sample  (as  Fe(0H)3)  was 
dissolved  in  10  ml  of  acid  and  aliquots  taken  for  gross 
absorption  curve  and  individual  radioisotope  analyses. 
Figure  1*2  shows  the  gross  absorption  curve  obtained 
on  1  ml  of  this  solution.  There  is  evidence  of  an 
important  weak  beta  component.  Radioisotope  analyses 
are  given  below;  no  chemical  yields  are  available  hence 
the  results  are  qualitative: 

Estimated  Added 

Rauioisotope  Aliquot  c/min  Chemical  Yield  Absorber 


2  ml 
2  ml 

1  ml 

2  ml 


10  -  20 % 
70% 


90  mg  cm“2 
90  mg  cm'2 
0 
0 


Some  other  studies  made  at  Bikini  found  that  the  Ce 
analysis  give  low  results,  so  it  appears  that  Ce-Pr 
and  riu-Rh  account  for  the  hard  beta.  Failure  to  find 
Zr  was  somewhat  surprising,  since  there  was  considerable 

wen!'  beta  in  the  gross. 

U.  lialimeda 


Halimeda  was  treated  with  acid  to  remove  various 
surface  growths  and  dissolve  calcareous  portions.  Three 
types  of  materiul  were  then  examined:  (a)  the  undissol¬ 
ved  cellulose,  (b)  acid-soluble  material  in  a  ferric 
hyuroxiue  precipitate,  and  (c)  solid  material  removed 
from  the  acia  extract  by  filtration,  with  shredded 
paper  auded.  (Affords  opportunity  for  adsorption  of 
trace  materials  in  the  acid  solution. ) 

nil  samples  were  ashed,  and  small  portions  were 
taken  for  gross  absorption  curves.  These  curves  are 
given  in  figure  1*3  ,  ana  show  no  marked  differences  as 

to  relative  amounts  of  soft  anu  hard  betas.  The  soft 
beta  is  somewhat,  more  than  that  expected  if  the  activity 
were  largely  Ce-Pr,  indicating  that  Zr  may  be  concentra¬ 
ted  slightly. 

.no  three  samples  were  analyzed  for  hu-Rli,  with 

ilMf'!  ACCincri 


061 1U10S6 


(b)  sold  soluble  ferrlo  hydro 
(o)  boia  Insoluble  -  f  1  Iter rii 


UHCUBSI 


counting  done  at  90  mg  cm”2  added  absorber.  Samples 
(a)  and  (c)  showed  no  detectable  Ru-Rh  counts  from 
a  gross  of  75  c/mln  and  4,145  c/min  respectively. 

Sample  (b)  showed  20%  to  30%  Ru-Rh  activity.  In 
each  case  it  may  be  presumed  that  the  remainder  of  the 
activity  detected  through  90  mg  cm-2  of  absorber  is 
Ce-Pr. 

5.  Sand  from  spit  midway  between  Bikini  Island  and 

Amen  Island. 

This  sand  gave  a  field  reading  of  10  to  15  times 
background,  a  condition  which  is  general  for  the  region. 
Sand  samples  were  taken  at  tha  surface  and  at  1  ft,  2  ft, 
and  3  ft  below  the  surface.  Samples  of  1  to  2  gm 
were  ignited  and  dissolved,  and  aliquots  evaporated 
for  oounting.  Results  were  as  follows: 


Sample 

Weight  (mg) 

c/min 

c/min/fem 

0  ft 

42.4 

0-f  2 

1  ft 

35.3 

9±  2 

250  approx. 

2  ft 

42.1 

0*  2 

... 

3  ft 

75.0 

61  2 

80  approx. 

In  order  to  achieve  further  sensitivity,  a  21-gram 
sample  f  fom  the  surfaoe  was  ignited  and  dissolved.  A 
few  mg  of  ferric  hydroxide  were  precipitated  with  a 
few  drops  of  Zr,  Ce,  and  Ru  carriers  to  ensure  co- 
preolpitation.  This  precipitate  (10  mg  to  20  mg)  was 
mounted  and  an  absorption  curve  taken  (fig.  bU). 

Analysis  of  absorption  curves  Indicates  chiefly  Ce. 

A  Ru  analysis  was  performed  on  the  whole  sample  and 
gate  no  Ru-Rh  aotlvlty.  For  this  comparison  the  counts 
were  taken  at  9^  mg  cm-2  added  absorber. 


gross  (90  mg  cm-2) 
Ru-Rh  (90  mg  cm-2) 


1,036  c/min 
lt2  c/min 


6. 


Tar  deposit  on  rooks  from  sand  aplt  northwest  of 
Bikini  Island 


Field  tests  showed  that  some  patches  of  tar  were 
more  radioactive  than  any  other  specimens  examined 
between  Bikini  Island  and  Amen  Island.  Different  speci¬ 
mens  of  tar  gave  widely  different  readings.  A  small 
sample,  believed  to  be  representative  of  the  more  aotlve 
deposits,  was  taken  for  detailed  analysis.  The  tar 
was  dissolved  in  oafbon  tetraohlorlde  and  the  residual 
sand  waahad  repeatedly  with  oarbon  tetraohlorlde.  The 
extraots  were  oombined  and  evaporated  to  dryness  at 


loo1 


. 


C.  The  tar  was  lilted  and  tho  ash  dissolved  in 


fM  '  * 

Li'iO 


>n  <L 


u 


!IHO  |  aliquots  of  this  solution  were  oounted  for  alpha, 
gross  bota,  Sr,  Ce  and  Ru.  Results  were  as  follows i 


Sample 

Height  in  gm. 

o/n.1  n/gm 

sand 

0.065 

1.7  x  10^ 

ash 

0.00087 

3.8  x  105 

ash 

0.0087 

2.7  x  105* 

ash 

0.0087 

6.2  x  10j 

ash 

0.0435 

2.3  x  103 

Elements 


gross  beta 
gross  beta 
Co-Pr 
Ru-Rh 

Sr 


*  Observed  count  at  140  mg  om“3  absorber,  wh;  ch  includes 
one-half  of  Pr  betas,  and  no  Ce  botas.  Two  and  one-half 
times  th*J  observed  count  gives  the  total  for  Ce  and  Pr. 


So  a  Water 


Measurements  of  total  fission-r roduct  activity  in 
water  from  Bikini  Lagoon  wore  made  on  scnvenpor  ore- 
cipitatec  (ferric  rtxiAn),  and  no  samples  with  activity 
distinctly  ab<  »>  1- tnfcg round  ■nr«'  ob'ainod.  The  re- 
o ip it ate  <*r 'm  "0  liters  of  wa.or  contained  no  detect¬ 
able  activit-  ,  ■  il  i.i  a  ••ros:  -i'  ,-itv  of  less  than 

'y 

1C  curio  .•  •  r  1  i  ‘  -r. 


:  i  -i  •>  1  a  ‘  '  e  n  from  r  *  : ’  *ot 
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'■r  r  '  :  from  the  blast 

.-enter,  .’r  •  >  '•  -i  i  -  pi*'  ••  •u>'.  half— lives 

Sn  *  ’•  •'  4  na  !  '  ■  ,  t  nt'eipntod  ratio 

>r  ‘  to  Jr'  !;  or  ay  ■  • .  U  mi-”  tbs  would  be 

almo-t  exactly  or  . 
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following  • -ember,  s 


-  ni  n—  r  .  duoi  chains  have  the 


Kr 


89 


r.f  v. 

beta* 


Sr 


.88  55  d 

beta-,  1.5  Mev 


Y  3  (stable) 


Kr 


90 


33s 

~Beta- 


Sr 


30  25  y 

l>eta-,  0.0  Uo-^ 


90 


65  h 

beta-,  2.2 


Because  of  the  relatively  slow  decay  tin  parent 

gas  lOr®**  it  is  to  be  expected  that  a  larger  fraction 
of  the  89  fission  chain  will  osoapo  from  a  base  surge 
such  as  the  one  formed  in  Test  B.  Therefore,  t)»©  SrP9 
to  Sr90  ratio  might  well  be  loss  than  that  predicted  above. 


The  isolation  of  Sr  consisted  of  three  successive 
strontium  nitrate  precipitations,  three  ferric  hydroxide 
scavengings,  and  a  final  strontium  chromate  precipitate 
which  was  dried  with  aloohol  and  ether  and  weighed.  The 
absorption  curve  obtained  immediately  after  isolation  of 
the  GALLON  sample  is  shown  in  figure  k5.  The  observed 
ratio  of  Sr89  to  Sr90  was  0.55.  The  WAINWRIGHT  sample 
was  not  sufficiently  active  to  provide  a  good  absorption 
curve. 


In  order  to  test  the  purity  of  the  Sr  activity,  the 
two  preoipitates  were  re-dissolved  in  aoia  ana  the  oxalate 
precipitated,  dried,  weighed,  and  counted  at  0  absorber 
and  90  mg  cm~2.  Specific  activities  (c/min/gm)  obtained 


were: 


Absorber 
(in  mg  cm- 2 ) 


0 

90 


FALLON 

1st  ppt.  2nd  ppt 

47  58 

11  12 


WAINWRIGHT 

1st  ppt.  2nd  ppt 

3.0  3.06 

1.06  0.65 


The  only  significant  change  produced  by  the  second 
precipitation  was  that  noted  at  90  mg  cm~2  for  the 
WAINWRIGHT  sample,  which  suggests  that  some  Cs  contamina¬ 
tion  may  have  been  present  in  the  first  precipitate.  From 
comparison  of  the  specific  activities  of  the  two  samples 
(second  preoipitate)  at  0  and  90  mg  cm-2  added  absorber, 
it  is  apparent  that  the  ratio  of  hard  to  soft  beta  is 
about  the  same  in  the  two  samples. 


The  activity  growth  of  the  two  samples  was  observed 
through  90  mg  om-2  absorber,  to  determine  the  growth  of 
65  hr  l90,  with  the  following  results: 

0  Days 

FALLON  175  c7min 

WAINWRIGHT  .  12  c/mln 

The  foregoing  figures  confirm  the  preceding  result  that 
the  Sr89  to  Sr90  ratio  is  approximately  the  same  in  the 
two  samples.  The  activity  growth  at  90  mg  om-2  added 
absorber  indicates  that  there  is  less  Sr8y  than  Sr90 
when  due  allowance  is  made  for  the  difference  in  absorption 
of  Sr8*  and  t90. 


^Fo7mln 
33  c/min 


The  oorreotion  faotor  for  the  weaker  beta  (Sr89) 
will  be  about  1.33  at  90  mg  om-2. 


0  Time  (3t*9) 
125  o/min 


OSSIFIED 


Sr,  FALLON 
Computed 


Growth  (Zr90 

211  o/min 
211  o/min 


Furthermore,  in  three  days  the  growth  of  Y  ia  only 
about  60^  oosolete.  The  foregoing  calculation  gives 
a  ratio  of  Sr®®  to  Sr90  approximately  equal  to  0.5, 
in  fair  agreement  with  the  preview  a  determination. 


PLUTONIUM 


A.  Plutonium  content  of  core  samples 


Table  XII  liata  Pu  assays  on  several  core  sauries  made 
both  by  analyses  (using  the  cupforron  extraction  method) 
and  by  direct  alpha  counting  cf  a  thin  mud  deposit.  It  was 
found  that  the  chera'cal  analyses  were  erratic,  varying  from 
50  >  to  1H0-J  of  tho  value  obtainod  by  direct  counting.  Direct 
oroduct  activity  in  several  different  cores. 


rials  a:- saved  included  vegetation  from 
h«  organs  of  several  fi3h  species* 

-  i  -;rv  tissue  v:ere  provided  by  the 
"  •;«  on  which  residue  was  small  were 

lie  -therr  wore  assayed  by  chemical 
•  4  i  4  .ic'  -.esses  of  the  samples  probably 


.  r  ah  lias  not  been  determined, 


.trunorr.  i  .  r.  and  counting 


‘  h  h.a  count. in/'  was  dono  with  a  parallel  plate 
counter  and  n~alo  of  eight  circuit.  This  instrument 
is  of  a  standard  type  rtmufactured  b"  the  instrument 
section  pf  tho  Argo’\ne  National  Laboratory,  Chicago, 
Illinois.  The  geometry  '.."as  about  50ft,  and  a  speaifio 
activity  of  68,000  c/mir.  toicrogran  of  Pu  was  used 
in  the  calculations. 


Analytical  procedures 


All  samples  were  a3iied  in  order  to  remove  organic 
matter.  In  some  instances  samples  of  biological 
material  were  wot  ashed  by  alternate  treatments  with 
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1,224  Target  Center! 3.88 


1,228 


1,230 


1,226 


1,227 


3.16 


3.60 


5.003 


5.002 


1,207  300  yd  SW  5.004 

1,256  300  yd  WNW  5.003  " 

1,203  600  yd  SW  5.063  n 

1,203  600  yd  SW  9.6  x  10-5  Direct 


0.6 


9.2 


5. 


5.3 
4.9 

66.3 
72.5 


Counting 

y>00  yd  NE 

4.6  x  10-3 

Direct 

Counting 

128.1 

480  yd  SbyW 

13  mg 

Direct 

Counting 

42. ) 

475  yd  SEbyE 

9.3  mg 

Direct 

Counting 

60.0 

400  yd  ENE 

4.7  mg 

Direot 
Count ing 

60.6 

Table  HI.  Plutoniun  content  of  core  samples 
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fuming  HNO3  and  30#  hydrogen  peroxide  until  the  ash 
was  white  (MUC-Kg-1 ,217,  pv  describes  wet-ashing  procedure 
in  detail).  After  ashing,  the  residue  was  completely 
soluble  in  HNO3  or  HC1.  When  a  sample  contained  very 
little  solid  matter  after  ashing,  the  acid  solution 
was  transferred  directly  to  a  Pt  dish,  dried,  flamed, 
and  counted. 

When  the  acid  solution  contained  very  little  Ca 
but  considerable  residue,  the  Pu  could  be  advantageous¬ 
ly  carried  by  a  lanthanum  fluoride  precipitate.  The 
method  used  is  described  in  Manhattan  Project  Report, 
CL-DEK-1.  Solutions  high  in  Ca  content  were  most 
rapidly  analyzed  by  the  cupferron  procedure.  The 
method  is  detailed  in  Manhattan  Project  Reports 
CN-2,204,  p.5  and  MUC-TOJ-33 ,  p.19.  Complete  recovery 
by  this  method  was  not  achieved,  hence  parallel 
blank  runs  with  known  amounts  of  Pu  tracer  were  made. 

The  average  of  ten  recovery  runs  was  53^3%.  The 
absolute  accuracy  of  the  cupferron,  as  checked  by 
direct  counting  measurements,  was  quite  satisfactory. 

3.  Results 

Table  XM  lists  the  Pu  content  of  biologioal 
materials  analyzed.  Apparently  vegetation  on  Bikini 
Island,  algae,  and  fish  did  not  contain  any  significant 
amounts  of  Pu.  The  amount  of  Pu  in  relationship  to 
fission  products  was  less  than  might  be  expected. 

In  fish  tissues  this  result  could  be  due  to  high 
retention  of  Zr  and  Co.  It  seems  reasonable  to  assume 
that  in  the  case  of  fish,  metabolic  behavior  of  Ce 
and  are  similar. 

Examination  of  Table  UV  will  show  that  sea  water 
was  practically  free  of  Pu.  Similarly,  urine  from 
a  wild  dog  captured  on  Bikini  Island  (Plutonia)  in¬ 
dicated  that  the  animal  probably  had  less  than  0.1 
micrograms  of  Pu  fixed  in  her  body.  The  black 
material  from  core  sample  No.  I,2b3  appeared  to  be 
a  carbon-rich  substance  derived  from  petroleum. 

Its  radioactive  content,  while  less  than  that  of 
the  core  itself,  exhibited  the  same  distribution  of 
fission  products  found  in  mud. 

Under  the  adverse  conditions  of  alpha  counting 
which  existed,  it  was  not  possible  to  take  counts 
long  enough  to  reduce  statistical  error  appreciably. 

Under  good  operating  conditions  the  counter  background 
was  about  two  disintegrations  per  minute.  Four 
disintegrations  per  minute  above  background,  or  0.3 
x  10~10  gm  of  Pu,  could  be  detected  with  reasonable 
oertalnty. 


33- 


The  soil  chenistry  studies  were  concerned  only  with  the 
lagoon  bottom  sediment  oltalned  by  coring  in  t.  e  Tost  B  turget 
area.  This  material  v.us  oltalned  from  tne  Submarine  Geology 
Gtoud,  and  was  tested  in  t.ie  hudiochemistry  Laboratory  by  llr. 

L.  F.  SEATS. 

The  first  studies  were  made  in  an  attempt  to  determine 
how  the  radioaotive  materials  were  n^ld  by  the  mud  particles. 

It  was  surmised  that  the  radioactive  materials  were  adsorbed 
on  the  finer  mud  particles  by  cation  exchange.  This  process 
is  the  means  by  which  most  cations  are  held  in  soils  '  ”  the 
alumina-silicate  colloidal  material.  The  cation  exchange  capa¬ 
city  of  a  series  of  samples  from  Core  No.  4,  tuken  at  the 
target  area  center,  was  determined  by  t.  e  ammonium  acetate 
method  as  described  in  U.  S.  Department  of  Agriculture  Circ. 

No.  757,  pg.  8-10,  with  slight  modifications.  The  results 
showed  that  the  surface  foot  of  mud  had  a  cation  exchange 
capacity  of  0.5  milliequivalents  per  100.0  gm  mud  (dry  weight), 
whereas,  the  remaining  8  feet  of  core  showed  a  i.ero  exchange 
capacity.  It  is  believed  this  slight  amount  of  exchange  can 
be  attributed  to  the  small  amount  of  organic .matter  present 
in  the  surface  foot.  Since  the  mud  is  practically  rure 
calcium  carbonate,  few  free  valence  bonds  of  tae  tye  which 
give  rise  to  cation  exchange  capacity  in  alumina-silicate 
minerals  would  be  expected  to  be  present. 

The  ammonium  acetate  leachate  was  boiled  to  dryness, 
taken  un  with  concentrated  nitric  and  hydrochloric  acids, 
boiled  to  dryness  uga'n,  and  finally  takeh  up  with  0.1  N 
nitric  acid.  An  aliquot  was  evaporated  to  dryness  on  a 
watch  glass  and  gross  beta  counts  token.  Approximately  2%> 
of  the  gross  beta  count  was  removed  by  the  ammonium  acetate 
leaching.  An  abs'mtion  curve  taken  on  this  material 
revealed  that  the  major  portion  of  the  radioactive  substance 
was  cerium,  with  a  small  zirconium  component. 

Sin  it  was  evident  that  the  radioactive  materials 
were  r  Id  by  normal  base  exchange,  another  approach  was 
made  to  uhe  problem.  Dr.  JACK  SCHUEE.  T  of  the  Radiochemistry 
Group  has  done  considerable  work  with  the  radio  elements 
and  states  that  at  the  pH  of  sea  water,  the  rare  earths 
cerium,  plutonium,  columbium  and  zirconium  would  behave 
nainly  ae  radio  colloids.  As  such,  these  elements  would  be 
adsorbed  to  the  finer  mud  particles  and  held  in  tais  manner. 

In  order  to  remove  the  radio  element  from  such  a  colloidal 
complex  it  would  be  necessary  to  form  soluble  complexes  with 


.uaioc..e;.iats  working  in  the  counter-room 
LA-33).  Left  to  right:  Mr.  D.P.  ALLH , 
Lr.  JACK  LCKUBLRT,  Kr.  L.F.  5 KATZ, 
IIKJT.  ,vPCR  Photo  No.  5090-4. 


Figuro  49 .  .  r.  rf.K.  HaKMILL  performing  a  fission 
product  analysis  in  the  Radio chemistry  Laboratory 
aboard  CHILTON  (AP^38 ) .  A  BCR  Photo  No.  5090-10. 


the  rudlo 
solution, 
comp] exed 
elements , 


element  which  would  allow  the  element  to  go  into 
Zirconium,  colunbium,  and  plutonium  a’-e  more  easily 
aa  oxalates.  Cerium,  and  most  of  the  other  radio 
are  more  easily  oomplexed  Into  soluble  citrates. 


A  study  wus  undertaken  to  determine  the  effects  of 
various  complexing  agents  on  the  removal  of  radio  elements 
from  the  lagoon  mud.  The  6-inch  sample  f r  m  Core  No.  2  at 
the  target  area  center  was  used.  Solutions  employed  were 
0.1  N  LaCl-i  made  slightly  acid;  0.1  N  tartaric  acid;  0.1 
N  phosphoric  acid;  water,  and  a  2‘>  solution  of  methylene  blue. 
All  of  the  acid  solutions  were  rought  to  pH  7,0  with  ooncen- 
t rated  The  mud  was  oven  dried  at  110°  C  overnight,  and 

crushed  gently  in  a  mortar  with  u  wooden  pestle.  One  gram 
3umplf>3  were  weighed  into  15  ml  centrifuge  tubes  and  10  ml  of 
one  of  the  above  solutions  added.  The  tubes  were  shaken 
periodically  for  30  min  and  then  centrifuged.  One  ml  of  the 
supernate  was  evaporated  on  a  watch  glass  and  the  beta  activity 
determined.  The  results  are  shown  in  Table  XTA 


Absorption  curves  were  run  on  several  of  tiie  above 
solutions,  and  they  tended  to  substantiate  the  foregoing 
statements.  The  citrate  solution  removed  cerium  for  the 
most  part.  The  amount  removed  by  citrate  compares  favor¬ 
ably  with  t...e  amount  of  cerium  present,  as  determined  by 
the  Rad  •  oche.iists.  The  absorption  curve  for  oxalate  shows 
tli  t  most  of  the  activity  romoved  was  due  to  zirconium  and 
columbium.  lanthanum  also  seems  to  remove  cerium. 


Since  the  process  of  adsorption  is  a  function  of  the 
amount  of  surface  exposed,  it  was  thought  advisable  to  deter¬ 
mine  the  particle  sire  distribution  in  3an''les  from  Core  No. 

2  taken  at  the  target  area  center.  The  procedure  was  as 
follows: 

A  10  gm  sample  of  the  dry  material  was  added  to  250  ml 
of  water  and  10  ml  1.0  N  sodium  metaphosphnte  was  added  as 
a  dispersing  a.  ent.  This  suspension  wus  nixed  in  a  Stevens 
Blender  for  30  min.  The  suspension  wus  then  transferred  to 
a  liter  graduated  cylinder,  made  to  the  mark  with  water,  and 
shaken  several  times.  At  the  end  of  3  min  45  sec,  a  20  ml 
sample  wus  removed  from  a  depth  of  10  om.  This  sample  repre¬ 
sented  the  silt  plus  day  fractions  (les3  than  20.0  microns). 

At  the  end  of  6  hr  30  rain,  another  20  ml  sample  was  removed 
from  a  death  of  10  cm.  This  sample  represented  the  clay 
fraction  (less  than  2.0  microns).  The  particle  size  distri¬ 
bution  in  the  various  samples  is  shown  in  Table  XVI. 

The  data  in  TableXH  show  that  the  percent  of  fine  material 
deoreuses  with  depth,  as  would  be  expeoted.  The  larger  amount 
of  fine  material  at  the  surface  also  means  a  larger  amount  of 
surface  area  exposed,  and  therefore,  a  greater  potentiality  for 

adsorption.  (JNCUSSIFIFH 


UNCLASSIFIED 


bo;  ution 

co:uits/min/.-r 

>  cros .  activity 

LaCl^ 

725 

10 

Tartrate 

884 

12 

Citrate 

2,000 

28 

Oxalate 

725 

10 

Acetate 

402 

5.6 

Phosphate 

515 

7.1 

Y/ater 

290 

4.0 

Methylene 

blue 

242 

3.4 

Table  XV. 


MASKED 


Depth 

Silt 

(20-2.0  microns) 

c‘t  Clay 

(<2.0  microns) 

m 

o-12  In 

34.3 

41.3 

76.4 

24-36  " 

3*. 5 

41.0 

66. 5 

48-00  " 

0 

• 

0 

40.5 

65.0 

84-108  " 

14.0 

37.5 

raa 

Table  XVI  .  rarticle  sl/.e  distribution  in  various  mud  sample 

from  Core  No.  2. 


i 


The  amount  of  ..uter  held  Vy  the  mud  v;ug  determined, 
and  correlated  well  with  the  ochunicul  analysis.  The  per 
cent  moisture  was  calculated  on  tne  dry  weight  basis. 

A  study  of  cores  from  t..e  lagoon  bottom  indicates  that 
the  cation  e::chan  e  capacity  va  lea  from  0.5  milliequivalents 
per  10"  g~.s  material  to  sero,  depending  upon  the  depth  at 
which  sonnies  are  taken.  r'he  citrate  ion  was  most  effective 
in  removing  radioactive  uter Luis.  This  removal  is  attributed 
to  the  formation  of  soluble  complexes  with  cerium  and  other 
rudioactive  elements. 

A  mechanical  analysi;  s.iows  t..at  tae  amount  of  fine 
mat.e.ial  decreases  wit,.,  depth  and  taut  the  surface  contains 
ab  ut  A0‘>  of  mat  erial  smaller  than  2.0  microns. 


UNCLASSIFIED 


i  V hxhe s  3 ,  is  5 • .  wn 

,  'ro.ti ."aitoly  equivalent  in  ar^a 
1  ■■ Lh<>  :  -ii<i  r  anno  a  from  1  to  9  fl 
it  ,  xg  assumed  for  this  area# 
l;  in  in  thickness,  an  n-orage  of 
■;  *  viioh  iar  ‘or,  his  loss  than  2  in 
r  this  area. 


>luj  >f  176,  00  yd  )f  wd  in  .he  central  aroa 
,  1  *  •,  O  i'  be  ou t»' r  one ,  or  a  total  of  317 

avity  of  u«  mud  in  its  wot  statu,  as  recovered 
.  his  .  vrs  a  t. 'tal  wot  weight  if  456,000  tons 
rchabl;*  re,  of  the  aid  resulting  from  tho  ex- 
a  •!  rou  *  tout  tho  In  noon  beyond  the  mud  aroa 
•'  of  half  n  : ii  lion  tons  of  radioactive  mud  orol> 


S"OC  i 


The  question  n ,-i n >  ns  to  whether  this  impress:  a’  volume  if  :si  :  was 
nil  originally  present  it’  he  lagoon  sediments,  or  whethor  a-  <>  -  v :  1 

was  nroducod  duo  to  pulvcri.-L of  coarser  particlos  by  the  t'orco  .0 

explosion.  though  this  queo  ion  cannot  be  anew-  ;  'ositive  iv  until  o- 
tailed  3iie-distribution  anulys  s  of  f’C  so linent  ha b  ’’n  made,  a'"'  >  r 
retum  to  the  United  .’d  a  ton ,  proli  minary  inspection  of  t}io  t  mal  soii- 
mont  sue  ests  that  su  iciont  sand,  silt,  and  clay  si.-.es  exist  wit!  10 
haliaeda  debris  to  account  for  most,  if  not  all,  of  the  mud  o.  ;an 


The  small  bottom  sonplos,  bottom  photographs,  vid  fath  meter 
taken  in  Bikini  Lagoon  will  be  usod  co  suppl<  :*mt  Uie  data  collect’ 
year.  The  bottom  samples  also  will  bo  availablo  for  radioactivity 

monts,  if  desired. 


Unfortunately,  tho  three-day  trip  to  tho  710-fa  ho. .  bank  .  rt'v  • 
of  Bikini  Atoll  was  not  productive.  L2I(L)-615  ns  n~t  able  to  -bt  ;t 
sufficiently  accurate  location  fixes,  and  harin'  most  of  the  time  .  t 
not  oven  on  the  bank.  Only  one  ample  was  secure  i;  a  irod  ’i  \  .  y  o.  . 
in  about  700  fathoms  that  brought  up  a  snail  quanti?--  of  for  1  .  y  >ral 
sand. 


The  other  dredgings  were  quite  successful,  ho’-vovor,  :d  *'i 
valuable  information  on  tho  character  of  the  outer  reef  slopes 
hoads  in  the  lagoon.  Twenty-four  hauls  were  made  on  the  outer 
the  reefs  and  five  on  two  different  coral  heads.  The  location 

hauls  is  shown  in  figure  6. 


Only  a  few  bottom  samples  on  the  outor  roof  and  no  dredgings  were 
taken  during  OPERATION  GROSS  ltd.  DS,  The  so  few  camples  led  to  the  erroneous 

conclusion  that  the  surface  of  the  outor  reef,  from  15  to  200  fathoms, 
i3  predominantly  composod  of  a  deep-water  variety  of  ha] inoia,  and  that  bo 
low  200  fathoms  the  surface  consists  only  of  calcareous  sand,  decreasing 
in  site  with  depth,  (pp.  F.3,  F.4  of  CROSSROADS  report.) 


tcecwo 

COAI9 

IOC4T*OM  09  CO*t9  UoiN  P«qiW»»,  AUGUST  IM« 
lOCATO*  0#  COAfS  t4«fH|  •?  A  Cl  AOSMll .  ^Utr  AUGUST  l*4T 
MOMMA  0*  GOAC 

THlCMNISS  0*  *U0  L  ATI  A  iM  INCH!  S 
SMALL  GOT  TOM  SAMALIS  l'*47  At  »U*VC  T  OMLTt 
.  tOCAT.OM 
■  TtPf  09  MATIAIAl 

H  HAtlMlOA  OfSMtS 
CO  COAAt 
S  SANO 
M  MUO 
Sh  SMlLLS 


•  uOTt  v 

l  liOtL 


CORES  AND 

BOTTOM  SAMPLES, 

TARGET  AREA 

M 

■m 

■co 

*M.M 

Vc* 

■m 

Vs 

"m 

f 

/ 

/ 

SM 

■h 

V* 

•** 

•r a 

IV*/' 

*“  *-s 

'  Entire 
Of rtniem 


SHILTON  4,504 

Trollin, '-Target  Area 
APOGON  2,000J 

NW  Tip  Bikini  2,407 
Nr.V  01  Bikini  2,307 
W  oi  Bikini  2,207 
1  oi  Bikini  2,107 
Coral  head  W  of  Bikini  2,007 
Bikini-Amen  1,709 
Coral  head  Bikini-Amen  1,709 
Trolling  Bikini-Amen 
Coral  head  near  Amen  Island  1,211 
SE  End  ol  Amen  Island  1,213 
Uku  0,914 
Namu-inner  9,514 
Naau-outer  9,415 
^oro  Island-outside  3,700 
Boro  Island-inside  8,799 
SW  part  of  Atoll 
.Irik  Island  0,390 
Prayer  Island  0,591 
Coral  head  Airy-3iren  Islands  0,891 
Arji  Island  1,092 
SS  part  of  Atoll 
Enyu  Island-inner  2,792 
Coral  head  N  of  Enyu  2,79 6 
Ion  Island  2,797 
Rokar  Island- inner  2,798 
.Rokar  Island-outer  *.,699 

Average 


Table  II. 


2.01(27) 
C.2o(  4) 
13.2  (  1) 


carl's. 


5.74(32) 
1.15(  4) 
13.4  (  1) 


2.98(28) 
1.12(  4) 
12.5  (  2) 


iiuscle 


1.58(29) 
0.97C  4) 
1.81(  2) 


1.16(  4) 

4.3C(  7) 

6.53(  7) 

4.56 (  6) 

2.49(  7) 

1.49(  9) 

l.o8(  6) 

3.62(  5) 

4.36(  6) 

0.53(  6) 

1.91(  7) 

25.0  (  7) 

2.4l(  7) 

l.OO;  7) 
.971  9) 

4.68 (  9) 

13.0  (  9) 

5.26(  9) 

5.27(  5) 

21.9  (  3) 

9.91(  3) 

4.27(  3) 

4. 10v  3) 

19.1  (  8) 

17.5  (  8) 

9.65(  8) 

•95.  8) 

1.0C(  9) 

2.12(  9) 

1. 55 (  9) 

1.81 ;  9) 

9.75(20) 

2.17(20) 

1.13(20) 

1.43;20) 

•47(  1) 

5.02(  7) 

8.42(  7) 

6.64(  7) 

4.80(  7) 

l.o8(  3) 

1.93(  9) 

10.3  (  9) 

1.32(  9) 

0.91(  9) 

.84(  2) 

0.40(11) 

0.71(11) 

2.64(11) 

0.33:il) 

0  (  1) 

15.47(  4) 

1.24(  4) 

1.08(  4) 

0.35!  4) 

0.63(  9) 

O.oo(ll) 

1.00(11) 

1.50(11) 

1.12  11) 

0.42(  3) 

0.22(  5) 

2.17(  5) 

0.91(  5) 

0.93:  5) 

3.63(17) 

2.83(17) 

2.60(17) 

1.9c  ;i7) 

0.34(13) 

- .49(13) 

0.81(13) 

0.56,13) 

0.46(22) 

1 . 07 (  4) 

0.10(  4) 

1.29(  4) 

3.02(  1) 

1.44(  6) 

1.06(  9) 

2.00(  6) 

1.59(10) 

.43(  <0 

2.60(  9) 

2.43(  9) 

0.25(  9) 

1.16(  9) 

0.7b(20) 

1.20(20) 

1.48(20) 

1.14:20) 

0.34(14) 

0.39(14) 

0.24(14) 

1.07:14) 

2.t>9(  1) 

1.16(24) 

1.55(24) 

1.43(-4) 

i. 80  ,*./.) 

2.33(12) 

*-.43(19) 

0.35(12) 

-.63:12) 

1.26(  9) 

2.: 5(10) 

-.21(  9) 

C.65.  9) 

1.4:9  (  1) 

7 . 08 (  3) 

5.72(  6) 

;.95(  3) 

3.08:  3) 

1.56(42) 

2.45( *02) 

4.16(302) 

2.67(284) 

1.49 .270 

o  .  beta- 

;,v.a  (c/min/, 

.:)  oi  .vet  fish 

tissues  collected  at 

(number  of  samples  in  parenthesis 


Liver 


Spleen 


Kidney 


■7.2  (43) 
1-7  (  4) 

12.5  (  3) 
11.0  (  5) 
<■7.4  (  ?) 

19.5  (  6) 
•9.1  (  4) 
64.7  (  7) 
-o.8  (  4) 
‘...8  (  9) 
-5.1  (  9) 
-b.O  (37) 
lo.4  (  7) 

8.4o(  7) 
8.65(10) 
2.56(  8) 
4.70(14) 
14.16(10) 
.52(32) 
•18(10) 


3-8  (jo) 

12.2  (  4) 
-1.7  (  '■) 

0.66(  5) 

32.57(  7) 

17.3  (19) 
8.67(  9) 

61.1  (  9) 

22.1  (  4) 
58.8  (  9) 

27.1  (  9) 
-0.0  (42) 
14.7  (  6) 

5.28(  9) 
2.86(15) 
1.24(17) 


2.98(28) 
1.12(  4) 
■2.5  (  2) 
0.08(  4) 
4o6(  o) 
4.3o(  6) 
2.4l(  7) 
5 •  — 6(  9) 
4.27(  3) 
9.65(  8) 
1.55(  9) 
1.13(20) 
6.64(  7) 
1.32(  9) 
2.64(11) 
1.08(  4) 
1.50(11) 
0.91(  5) 
2.o0(17) 
0.81(13) 
0.10(  4) 
2.00(  o) 
0.25(  9) 
1.48(20) 
C.-4(14) 
1.43(<4) 
->5(12) 
-»21(  9) 
•  95(  3) 


5.74(32) 
1 . 15 (  4) 

3.4  (  1) 
1.6-(  5) 
6.53(  7) 
3.62(  5) 
5.0  (  7) 
3.0  (  9) 
9.91(  3) 

7.5  (  8) 
2.12(  9) 
2.17(20) 
8.42(  7) 
0.3  (  9) 

O. 71(11) 
1.24(  4) 
1.00(11) 
2.17(  5) 
2.83(17) 
-49(13) 
l.07(  4) 
0L.Oo(  9) 
2 • 43 (  9) 
1.20(2-) 

P.  39(14) 
l.55(t4) 
k. 43(19) 
p.  5(10) 
|«7-(  o) 


13.05(  e>) 
4.09(17) 
2.66(13) 
3.25(24) 
2.9-(23) 
7. 73 (lb) 
4.3. (2-) 
9.97(19) 
10.5  (  -1) 
19.4  (19) 
11.7  (10 
4.  J5(  6) 


oo(387)  2.). 51(67)  11.64(50)  8.16(25) 


t'l  fish  tissues  collect-  1  at  Pi'  Ini 

r  of  samples  in  parenthesis  . 


pV*  }v 


